A retrospective study of 256 cases of naturally acquired Streptococcus suis infections in swine submitted to the Indiana Animal Disease Diagnostic Laboratory from 1985 to 1989 was undertaken to describe the clinical signs, lesions, and coexisting organisms associated with S. suis serotypes 1-8 and 1/2. Infected pigs generally had clinical signs and gross lesions referable to either the respiratory system or to the central nervous system (CNS), but not both. Neurologic signs were inversely related to gross lesions in the respiratory tract ( R 2 = -0.19, P = 0.003), as were respiratory signs and gross lesions in the CNS ( R 2 = -0.19, P = 0.003). Suppurative bronchopneumonia was the most common gross lesion observed (55.2%, overall). Fibrinous and/or suppurative pleuritis, epicarditis, pericarditis, arthritis, peritonitis, and polyserositis were also reported. In 68% of the pigs, other bacteria in addition to S. suis were isolated. Escherichia coli (35.0%) and Pasteurella multocida (30.0%) were the most commonly recovered bacterial agents. Mycoplasma and viral agents were identified less often, and their role in the development of streptococcosis was difficult to assess. In pigs infected with serotypes 2-5, 7, 8, and 1/2, suppurative meningitis with suppurative or nonsuppurative encephalitis, suppurative bronchopneumonia, fibrinopurulent epicarditis, multifocal myocarditis, and cardiac vasculitis were the most common microscopic lesions observed, whereas pigs infected with serotype 1 generally presented with suppurative meningitis and interstitial pneumonia. Microscopic lesions were morphologically similar among serotypes and were also similar to those reported with other pyogenic bacteria. The distribution of clinical signs and the gross and microscopic lesions in pigs infected with S. suis varied among serotypes. However, these differences were not statistically significant and could not be used to distinguish between the various serotypes. These findings suggest that in pigs infected with S. suis, suppurative or fibrinopurulent inflammation in brain, heart, lungs, and serosae predominates and that bacterial culture is needed to confirm a diagnosis of streptococcosis in swine and to differentiate this disease from those caused by other pyogenic bacteria.
Streptococcus suis is a cause of bronchopneumonia, meningitis, arthritis, and vaginitis in swine. 3, 20, 27, 31 In North America, it is generally considered to be a secondary invader that causes suppurative bronchopneumonia, 8, 27 usually in conjunction with Mycoplasma sp. or Pasteurella sp. 27 However, it can also act as a primary pathogen and cause meningitis. 26 To date, 28 different serotypes of S. suis have been identified. 12, 13, 21 Most studies concerning the clinical signs and lesions associated with S. suis infection in swine have been confined to serotypes 1 and 2. This paper describes the clinical signs, lesions, and coexisting organisms in swine naturally infected with S. suis serotypes 1-8 and 1/2. The associated epidemiologic factors and antibiotic susceptibilities have been previously reported. 23 
Materials and methods
Case selection, data collection, and data entry. The selection criteria used for case selection have been described in detai1. 23 A computer form was used to enter information obtained from each case record concerning the signalment, epidemiologic factors, antibiograms, clinical signs, and gross and microscopic lesions. The microscopic lesion entries were obtained from a list of common morphologic diagnoses and microscopic alterations. This list was created from a literature review 1,6,9,1 1,19,20,22,24-26, 29 and examination of a subset of 50 study set accessions. A total of 157 microscopic lesions for lung, heart, brain, liver, kidney, spleen, small intestine, large intestine, placenta, uterus, stomach, skeletal muscle, bones, and joints were included in this list. Collected data was then transferred to SAS®, a for descriptive statistics and other analyses.
Sample submission. Tissues were collected by numerous private practitioners and pathologists. 23 Sample selection and requested laboratory testing differed among accessions. Differences in numbers of samples submitted for each serotype for histopathology and bacteriology are listed in Table 1 .
Identification of bacterial isolates. The culture and serotyping protocol used for identification of S. suis isolates has been reported in detail. 23 Culture media and reagents were obtained commercially. b Routine microbiological tech-niques 2, 16 and automated systems c,d were used to culture and identify isolates. Isolates of Actinobacillus pleuropneumoniae were serotypes with prepared antisera. e Salmonella isolates were serotyped using commercially prepared antisera f and submitted to the Natural Veterinary Services Laboratory (NVSL) for definitive identification.
Virologic testing. Fresh and frozen tissues were processed routinely for fluorescent antibody examination (FA) 15 and virus isolation (VI). Fluorescein-labelled specific antibody for swine influenza and pseudorabies virus and for other porcine viral pathogens was obtained from NVSL. For virus isolation, STNN cells g were grown in KSM medium 18 supplemented with 10% fetal bovine serum. Cells were examined at various time intervals for cytopathic effects and/or specific fluorescence.
Statistical analysis. Principal analysis (Pearson's correlation coefficient, under the null hypothesis) was used to determine the association of clinical signs and lesions with serotype. The distribution of the clinical signs and lesions for each serotype were compared with the chi-square test. The relative risk for selected lesions was estimated by odds ratio analysis.28 A P value of <0.05 was considered statistically significant.
Clinical signs were not significantly associated with serotype.
Gross lesions. Gross findings were reported for 219 (85.5%) of 256 pigs. For pigs infected with serotypes 1 and 6, no predominant gross lesions were observed. For pigs infected with all the other serotypes, the most common gross lesion reported was suppurative bronchopneumonia (5 5.2%). The percentage of pigs in which lesions were reported in the respiratory tract, central nervous system (CNS), heart, or serosae is given in Table 3 . Gross lesions were not significantly associated with serotype.
Correlation of clinical signs with gross lesions. Re-
ported clinical signs and gross lesions were generally referable to the same body system (data not shown). Neurologic signs were inversely related to gross lesions in the respiratory tract (R 2 = -0.19, P = 0.003), as were respiratory signs and gross lesions in the CNS (R 2 = -0.19, P = 0.003).
Coexisting organisms. In 68% of all accessions in this study, other bacteria were isolated in addition to S. suis. Escherichia coli and Pasteurella multocida were the two most frequently isolated organisms, at 35% and 30%, respectively. Escherichia coli was isolated most often from a different organ than the organ from
Results
Clinical signs. The most frequently reported clinical signs in pigs infected with S. suis are given in Table 2 . Table 2 . Percentage of pigs infected with S. suis serotypes 1-8 and 1/2 in which clinical signs were noted. * Categories are not mutually exclusive. † Number of pigs infected with that serotype in which clinical signs were noted. ‡ Includes pigs in which only "respiratory signs" were noted in the record. § Includes pigs in which only "neurologic signs" were noted in the record. || Death without premonitory signs.
* Multiple gross lesions may have been reported for each accession. † Number of pigs from which the serotype was isolated and gross lesions were recorded. ‡ Includes accessions in which only gross lesions of "respiratory disease" or "pneumonia" were given. § Primarily suppurative or fibrinopurulent inflammation. || Does not include those accessions in which only arthritis or peritonitis were noted. Table 4 . Percentage of accessions in which coexisting bacterial and viral organisms were recovered in pigs naturally infected with S. suis serotypes 1-8 and 1/2. had interstitial pneumonia, this lesion was more common in pigs infected with S. suis serotype 1. In 70% of pigs with interstitial pneumonia in which S. suis serotype 1 was isolated, S. suis was the sole bacterial pathogen. In contrast, 50% of pigs infected with serotype 7 also had Salmonella sp. or E. coli isolated from lung. Syncytial cells were found in low numbers in the alveolar lumina of pigs infected with S. suis serotypes 4, 7, and 8. FA and/or VI for swine influenza virus were requested in 75% of all pigs in which these cells were observed, and the results were negative.
Bronchial epithelial necrosis was infrequently observed. Four of 11 pigs with this lesion that were tested for swine influenza virus by FA and/or VI were positive.
Necrotizing, necrohemorrhagic, or fibrinonecrotic pneumonia was observed in pigs infected with all serotypes of S. suis except serotypes 1 and 6. In accessions in which necrotizing pneumonia was observed, A. pleuropneumoniae was also frequently isolated. In 34.6% of these accessions, A. pleuropneumoniae was isolated from the study pig, whereas in an additional 3.8% of the accessions, A. pleuropneumoniae was isolated from another pig submitted in the same accession. Necrotizing pneumonia and infection with A. pleuropneumoniae were strongly correlated (R 2 = 0.41, P = 0.0001).
Degenerated neutrophils with streaming of nuclear material (oat cells) were noted in some pigs with necrotizing pneumonia. In 14 (87.5%) of 16 accessions where oat cells were observed, P. multocida and/or A. pleuropneumoniae were isolated.
Neurologic lesions. Neutrophilic meningitis and/or which S. suis was isolated (usually small intestine), whereas P. multocida was most often recovered from the same organ, generally lung (data not shown). Isolation of other bacterial pathogens in infected pigs is listed by serotype in Table 4 . Mycoplasma hyopneumoniae was identified by FA examination in 19% of the accessions. Pseudorabies virus and swine influenza virus were identified by FA or VI in 6% and 8% of the accessions, respectively (Table 5) . Microscopic lesions. Significant microscopic alterations were limited to the lung, brain, and heart. Microscopic lesions were not significantly associated with serotype. However, pigs infected with serotype 1 were 15.6 and 3 times more likely to have interstitial pneumonia than pigs infected with serotypes 2 and 7, respectively. The most common lesions for lung, brain, and heart are listed in Tables 6, 7, and 8, respectively.
Microscopic pulmonary lesions. The predominant pulmonary lesion in pigs infected with S. suis was suppurative bronchopneumonia (45.1% of all pigs in which lung was examined). This lesion was observed in pigs in which only S. suis was isolated and in pigs in which other pyogenic bacteria were also isolated, most frequently P. multocida. In pigs from which S. suis was isolated from lung, P. multocida was always isolated in those with suppurative bronchopneumonia associated with S. suis serotype 1, whereas in pigs colonized with other serotypes of S. suis, the percentage of lungs coinfected with P. multocida varied from 0% to 66.7%.
Fibrinous pleuritis was the second most common pulmonary lesion; it was observed in 20.2% of all pigs in which lung was examined. Hemophilus parasuis was isolated from 4.8% of the pleuritis cases.
Although many pigs infected with S. suis serotype 7 Table 6 . Percentage of pigs naturally infected with S. suis serotypes 1-8 and 1/2 in which microscopic pulmonary lesions were observed. Table 7 . Percentage of pigs naturally infected with S. suis serotypes 1-8 and 1/2 in which microscopic brain lesions were observed. encephalitis were the most frequently observed lesions in brain (Table 7) . Streptococcus suis was the only organism isolated from 55% of the cases in which suppurative meningitis and encephalitis were observed. In the remaining 45.0%, E. coli was the most commonly isolated bacterium.
Nonsuppurative (lymphocytic) encephalitis with suppurative, fibrinopurulent or lymphocytic meningitis was observed in 22.2% of the pigs. In 23.1% of pigs with nonsuppurative encephalitis or meningitis, pseudorabies infection was confirmed by FA and/or VI. Pigs infected with pseudorabies virus were 5 times more likely to have nonsuppurative (meningo)encephalitis than were uninfected pigs.
Correlation of microscopic pulmonary and neurologic lesions. In general, pigs with lesions of suppurative bronchopneumonia did not have lesions of meningoencephalitis. Suppurative bronchopneumonia and suppurative meningitis were inversely related (R 2 = -0.14, P = 0.02). A positive correlation was observed between suppurative interstitial pneumonia and subacute fibrinopurulent and suppurative (meningo)encephalitis (data not shown).
Cardiac lesions. Fibrinopurulent or suppurative ep-
icarditis (16.5%) was the most common microscopic lesion in the heart. Subjectively myocarditis, although usually multifocal and often transmural, was most severe underlying the epicardium. Acute myocarditis with vasculitis and hemorrhage was observed in 3.3% of the pigs. Bacterial colonies with morphology consistent with streptococci were observed in sections of heart in 4.4% of the pigs.
Discussion
In this study, pigs infected with S. suis generally were presented with clinical signs referable to either neurologic or respiratory disease, but not both. Clinical signs and gross lesions correlated well. Pigs with respiratory signs generally had suppurative bronchopneumonia and/or pleuritis and no neurologic lesions, whereas pigs with neurologic signs seldom had gross pulmonary lesions.
Gross lesions in the lungs, heart, and serosae were predominantly that of suppurative and/or fibrinopurulent inflammation. Such lesions have been reported previously in pigs infected with S. suis but are also Table 8 . Percentage of pigs naturally infected with S. suis serotypes 1-8 and 1/2 in which microscopic cardiac lesions were observed. similar to those reported in pigs infected with a variety of pyogenic bacteria. 9,10, 19, 22 Although the distribution of clinical signs and gross lesions in pigs infected with the different serotypes varied, the differences in distribution were not statistically significant, perhaps in part because of the small sample sizes, i.e., <5 for some categories.
Overall, E. coli and P. multocida were the most commonly isolated organisms from pigs in which other bacteria were isolated. The significance of the E. coli in many accessions was questionable, because isolates were most often from small intestine, and supportive histologic lesions of colibacillosis were infrequent. In addition, the possibility of fecal contamination of submitted nonenteric specimens cannot be eliminated. As in other studies, 14, 30 P. multocida however appeared to be associated with pulmonary infections with S. suis.
The role of mycoplasmosis in the development of streptococcal pneumonia in this study is difficult to assess. Microscopic lesions of exudative alveolitis and alveolar histiocytosis, with or without peribronchial and perivascular lymphoid hyperplasia, have been described for porcine mycoplasmosis. 9 Early lesions may be obscured by changes caused by secondary bacterial infection. Although such lesions were observed, in contrast to other studies, 27 Mycoplasma spp. apparently played a less important role in streptococcal pneumonia in the pigs in this study, based on the negative FA results.
In the majority of cases, pigs with pulmonary lesions infected with S. suis were also infected with a variety of other bacterial pathogens. In these cases, it was difficult to determine which of these potential pathogens was most significant. These findings are similar to those observed in the field and emphasize the difficulty of establishing the importance of S. suis as a primary pulmonary pathogen in swine.
Microscopically, suppurative (neutrophilic) inflammatory processes predominated in heart, lung, and brain with all serotypes. Microscopic lesions were morphologically similar for all serotypes in lung and brain; suppurative bronchopneumonia and suppurative meningitis were the most common lesions.
In lung, the suppurative bronchopneumonia observed was indistinguishable from that described for pasteurellosis 10 and infections with other pyogenic bacteria. Although other pulmonary lesions were present, they were infrequent and could usually be attributed to coinfection with other porcine pathogens.
Interstitial pneumonia was most commonly observed in pigs infected with S. suis serotypes 1 and 7. In pigs infected with serotype 1, this lesion could generally be attributed to S. suis infection, whereas pigs infected with serotvne 7 were also coinfected with Sal-monella spp. or E. coli, other known causes of interstitial pneumonia. 6 Interstitial pneumonia is considered a lesion secondary to septicemia. Confirmation of septicemia was not possible in many cases because blood cultures were not performed and usually only one tissue was submitted for bacterial culture.
As reported previously, 9,29 lesions of necrotizing, necrohemorrhagic, or fibrinonecrotic pneumonia and oat cells are compatible with pneumonia due to A. pleuropneumoniae and, less commonly, P. multocida. 6 Syncytial cells (believed to result from interaction between swine influenza virus and/or transmissible gastroenteritis virus with various bacteria, including S. suis) have been described in porcine pneumonia in the UK. 5 In this study, syncytial cells were rarely observed, and therefore correlation of their occurrence with a specific serotype of S. suis or other pathogens was not possible.
Bronchial epithelial necrosis is often observed in acute cases of swine influenza. 7,19 Bronchial epithelial necrosis was rarely observed in this study and was not associated with swine influenza virus, based on negative virologic test results, although the possibility of previous viral injury cannot be eliminated. The necrosis may have resulted from leukotoxins and other inflammatory mediators released in cases of severe bacterial pneumonia.
Fibrinous or fibrinopurulent pleuritis, peritonitis, or polyserositis have been reported in pigs infected with both S. suis and H. parasuis 1, 19 Subjectively, in this study, pigs in which only S. suis was isolated had more extensive suppurative exudation than that associated with H. parasuis. Few isolates of H. parasuis were identified, suggesting that in pigs with pleuritis, peritonitis, and polyserositis S. suis should be considered first in the differential diagnosis, especially where the exudate is more suppurative than fibrinous.
In contrast to pigs with pulmonary lesions, S. suis was often the only bacterial pathogen isolated from pigs with neurologic lesions. This finding supported previous data suggesting that S. suis can act as a primary pathogen. 20 It is uncertain whether meningoencephalitis in pigs infected with S. suis results from nasal exposure (extension from the cribiform plate) or from septicemia . 3 Unfortunately, in this study it was generally not possible to determine whether septicemia preceded the development of meningoencephalitis because in many of these cases only brain was submitted for culture. There were many cases of meningoencephalitis associated with S. suis serotype 1 in this study in which a suppurative interstitial pneumonia was present, suggesting a prior septicemic condition.
Involvement of the choroid plexus is reported to be a consistent finding in pigs with streptococcal meningoencephalitis, 20 although the early lesions are reported to be subtle and easily missed by light microscopy. 32 It has been shown 32 that with S. suis serotype 2, the bacteria gain entry into the brain by entering the choroid plexus within infected monocytes.
Choroid plexitis was noted in several of the accessions that included this portion of the brain. Also, in cases where multiple sections of brain were available for review, meningoencephalitis was most severe in caudal portions of the brain, possibly indicating spread from the choroid plexus and/or arachnoid villi. 4 Nonsuppurative (meningo)encephalitis, gliosis, and neuronophagia have been reported in pigs infected with pseudorabies virus. 17 In this study, pigs with nonsuppurative meningoencephalitis were more likely to have pseudorabies infection than were pigs with other types of meningoencephalitis. However, in pigs with lymphocytic encephalitis and concurrent suppurative or subacute meningitis, this correlation was not observed.
Subacute meningoencephalitis with vasculitis, gliosis, segmental necrosis of the cerebellar folia, and loss and neuronophagia of Purkinje cells have been attributed to chronic infection with S. suis in pigs previously treated with antibiotics. 25 In this study, although lymphocytic encephalitis with suppurative, fibrinopurulent, or subacute meningitis was observed, vasculitis, segmental cerebellar necrosis, and loss and neuronophagia of Purkinje cells were not, even in submissions from endemic herds. Information concerning antibiotic therapy administered prior to submission of the samples was often not available. Therefore, the potential modulating effect of therapy on the development of lymphocytic and subacute (meningo)encephalitis could not be evaluated. The findings of this study and another 25 suggest that the occurrence of lymphocytic encephalitis with varying degrees of neutrophilic meningitis is not unusual in pigs infected with S. suis.
Another major study 24 found a significant number of pigs infected with S. suis had fibrinopurulent epicarditis, necrohemorrhagic myocarditis, and/or vegetative valvular endocarditis. Whereas in this study grossly apparent pericarditis was observed commonly, vegetative valvular endocarditis was noted infrequently. Although vasculitis, often with fibrinoid necrosis, was noted, few fibrin thrombi or bacterial colonies were observed. These vascular lesions were in contrast to observations in a Canadian study. 24 In this study, infections with S. suis serotypes 1-8 and 1/2 were associated with similar clinical signs and lesions. Although the distribution of clinical signs and lesions did not differ significantly by serotype, pigs infected with S. suis serotype 1 apparently were more likely to present with neurologic signs and microscopic lesions of (fibrino)suppurative (meningo)encephalitis and suppurative interstitial pneumonia, whereas pigs infected with serotypes 2-5, 7, 8, and 1/2 were more likely to be presented with respiratory signs and lesions of suppurative bronchopneumonia and/or pleuritis. Streptococcus suis was generally the sole bacterium isolated in cases of (meningo)encephalitis, suggesting that in these cases it was a primary pathogen. In contrast, numerous different bacteria in addition to S. suis were isolated from cases of bronchopneumonia, making it difficult to determine the importance of S. suis as a primary cause of porcine pneumonia.
